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ABSTRACT 



Prrol.U-sp.cinc membrane antigen (PSMA) b a ?SO-emino acid glycoprotein highly expressed In maltanant 
mapped to the iV-termlns! of the protein distributed on the cytoplasmic side of the plaj. memWL. We 

ZZ^!£Z 'r^"? TTr*^* ^ ertr3Ce ° U,ar «MA. Three oJX I 

r™Sl,. and t| 4D4 — Jls P te y binding properties consistent wttb their recognition of con- 

» J^w 2? Proteins containing portion, uf the linear sequence of the protein. Antibody bindta. 

8 !?/ f edUCed UP0 ° htat «*enat«r.Uoo of native PSMA. and these anybodies do not detect PSMA by wS 

S nSnSTTSL^*'" rr'Tif d . em0nStrate ,he ^"^ *-*» «« full-length PS^i 
well a. PSM . a form of the protein missing the first 57 amino adds. These results indicate eacbantlbodv ta 
specflc for an epitope within the estracelhuar domain, a region spanning residue. 44-750 Flow c^tomSrtJ 

rotro^" "E - ?" at 1 ,Caa ' tW ° obttoct e P ,to P^ Taken together, the result, demonstrated thei 
antibodies arespecrflc for native protein conformational epitope, within the extracelh.hu- domal* Th™ nron! 
ertle,, ,„ pnrncuIar , lrong blndmg „ |iv<s ^ ^ ^ ^ ^ 

to Imear sequence epitope specific antibodies for in vivo applications. ' superior 



INTRODUCTION 

pROJTATE-^ECmC MliMOBANB ANTTCLN (PSMA) is a 

*■ 750-jmino acid type U transmembrane glycoprotein of ap- 
proximately 1 10 kDa." « lis expression hat been extensively 
• ludied hy several investigators.*-" These results indicate ihal. 
■ J the protein level. PSMA is highly restricted to prostatic i:p- 
ilhrlial cells. Expression of PSMA is uprvgulatcd in prostatic 
. iiiccr. particularly in hormone refractory uneasc< ,4 -"» Recent 
iinniunohistochemicaluudtes'<~>.:onjinn the increased P*JMA 
c- prestion in |.ro:4atic tumors. 

Fx:ntprOMaiic expression of low lev*!.-: of PSMA protein has 
heen found in tissues such ;ii hrain. : uh-j-.uy tJa.id. .uid dot.ee- 
nmn.' : ' " : ' lnte:T:.;tingly. PSMA h.is afcaj been detected in en- 
.lothelml cells of Hood vr.L-.els present in a variety of c^ncer- 
uu:: turners, hut not in blotid veixls trom r.ernvil time.;."" 31 



This expression pattern suggests thai PSMA is a useful marker 
for prostatic cancer snd perfups hot application in other can- 
cers. 

PSMA has three structural domains, including a 19-mnino 
acid intracellular domain, a 24-uraino acid transmembrane do- 
main, and a 707-amino acid extracellular domain. PSMA vox 
originally defined by the monoclonal antibody 7EI I .a. 1 '* Sub- 
sequent studies indicated that this antibody targets an intracel- 
!ular epitope composed of the first da nmino acid, from the W- 
term.nia of (he protein.*'" Additional monoclonal am.bcdic* 
. pec.fic tor exnacelluiar portions of the FSMA protein have 
tern .tecnfc.:d.<».".i~». r n ,-eneral. these ..nt.todies appear 
in be :.|vcitic for linear : equence epitopes distributed through- 
rut rte e/.tracellular domain, .utd have been utilized in studies 
c« ntaiM localization of PSMA acd as ;, possible thcrapeu.jc 
. r:.j;ent.'- As part o» cur PSMA am.bo.|y dev^l.^mcnt pna- 
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?,nni. we have obtained a small number of hybridomas that se- 
cret antibodies with distinct antigen binding properties. Results 
presented in this paper indicate that these antibodies are most 
probably specific for conformational protein epitopes present 
in the extracellular domain, and not epitopes defined by a lin- 
ear amino acid sequence. 

The high prostate tissue specificity of PSMA and the effec- 
tiveness of these antibodies in binding to live PSMA express- 
ing cells suggests that they may have considerable utility in 
clinical diagnostic and therapeutic applications. 



MATERIALS AND METHODS 

Materials 

LNCaP and PC-3 cells were obtained from the American 
Type Culture Collection (Rockville, MD). The monoclonal an- 
tibody 7BI I C5 was obtained from Cytogen, Inc. (Princeton, 
NT). Freund's adjuvant was obtained from Gtbco-BRL 
(Rockville* MO). NP-40 was obtained from Sigma (St. Louis. 
MO). Triton X-IOOR was obtained from Aldrich (Milwaukee, 
W[). Ex tractt gcl-D and rmmunobeods were obtained from 
Pierce (Rock ford, IL). Bacterial ly expressed T7 fusion proteins 
containing segments of PSMA were provided by Or. Mo Saedi. 
Hybritech/Becfcrnan (Son Diego, CAX All other reagents wot 
of the highest purity commercially available. 

Methods 

fmmuniza/fon and fusion of mice. Adult female Baib/c and 
A/J mice were initially immunized intraperitoneally with 
LN Cap cell membranes in Freund's complete adjuvant. Subse- 
quent immunizations at 2- to 3-week intervals utilized Frcund'i 
incomplete adjuvant and LNCaP cell membranes (one boost) 
and three boosts with 50 fx& each of purified LNCaP cell-de- 
rived PSMA. PSMA was purified from PBS containing I % NP- 
40 lysates of LNCaP ceils by immuno affinity chromatography 
on a 7E1 1. C5~ Immuno beads column with eluiion by 100 rnM 
glycine burfer. pH 2.5. containing 19b Triton X-iOOR. Deter- 
gent was removed by passage of the eluted fractions over an 
Extract i gel- D column, and the protein was lyophilized and di- 
alyzed extensively with PES prior to use in immunizations 
or hybridoma screening. Spleen cells were fused with 
P3X63Ag8U.J mouse myeloma celts at a ratio of 1:1 accord- 
ing to established procedures. 1221 

Solid phase EJJSA. A solid-phase enzyme-linked im- 
munoadsorbent assay (EL ISA) was employed for the detection 
of PSMA-specific antibodies, fmmunoaffmiry purified PSMA 
from LNCaP cells, cr bactcriaJiy expressed fusion proteins con- 
taining PSMA derived fragments were coated onto Mau-Sorp 
(Nunc, Rochester. NY) 96- well plates with an overnight incu- 
bation at 4°C. The plates were washed wiih phosphate -buffered 
valine (PBS: H.I mM Ma 2 HPO4. 1.5 mM KJt 2 PO4. 137 mM 
NaCI, 2,7 mM KCX pH 7.4)/0.2% Tween-20 and blocked widi 
5% bovine scrum albumin (BSA) in PBS for I h at room tem- 
perature. Fifty microliters of supernatant from the hybridoma 
eultUi-cs wis added to the PS MA -coated wells, and the plates 
were incubated for 2 h at room tempcniture. The plates were 



washed as above and 50 /iL of 1 :600 diluted rabbit-anti-mouse 
IgO and rabbit-anti-mouse IgM (ICN. Costa Mesa, CA) was 
added to each well. Following a l-h incubation at room tem- 
perature, the plates were washed as above and 50 /x) of a 1:400 
dilution of HRP-conjugaicd Protein-A (Sigma) was added to 
each well. Following a l-h incubation at room temperature, the 
plates were washed as above and 100 /aL of ABTS (150 mg 
2.2'-auno-bu^3-ediylbenzthinzoline^ acid in 500 mL 

of 0.1 M citric acid. pH 4351/HjOj (10 fiL 30% H^Oj per 10 
ml of ABTS solution) cluomagen/substrate solution was added 
to each well. After a 5-min incubation, the reaction was stopped 
with the addition of 100 /sL of stop solution (SDSAlimethyl- 
forrnamide) and the absorbance at 403 am was mud in a mi- 
croplate reader. The hybridoma celts producing supernatant* 
with high A 40 values were cloned by limiting dilution and sub- 
jected to additional analysis. 

For solid-phase capture of PSMA, this assay was modified 
as follows. Fifty microliters of 0.1 M NuHCO), pH 8.2 bind- 
ing buffer containing 40 jsg/mL of 4EI0-I.I4 anti-PS MA IgM 
antibody purified from ascites fluid was added to wells of a 
Maxi-Sorp plate and allowed to adhere overnight at 4°C The 
plates were washed and blocked as described previously. Fifty 
microliters of serially diluted immunoarTinity-puriflcd PSMA 
was added to the wells, and die plates incubated for 2 h at room 
temperature. Following extensive washing. 50 fiL of undiluted 
tissue culture supernatant of unti-PSMA IgG antibodies was 
added to the wells and the plates were incubated for 90 min uf 
room temperature. After washing the plates us above, the plates 
were incubated for 1 h at room temperature with 1:2.000 di- 
luted HRP-conjugated rabbit-anti-mouse IgO (Fc fragment spe- 
cific; ICN). The amount of anti-PS MA IgG antibody bound to 
the plates was then determined as described previously. 

Isolation of antibody protein 

Monoclonal antibodies were isolated from a Cellmax biore- 
actor (Cellco, Laguna Hills, CA) using HyQ-CCM! medium 
containing 1-5% Fetalclone (Hy clone, Logan, UT). Mono- 
clonal antibodies were purified by chromatography on a Pro- 
tein O-Agarose column according to manufacturer's specifica- 
tions (KPL. Gaithersburg, MD). 

Preparation of LNCaP cell membranes 

LNCaP cells were scraped from plastic dishes, washed ex- 
tensively in PBS. resuspended in 10 volumes of de ionized wa- 
ter, and homogenized by three strokes with a Do u nee homog- 
enizes The membrane fraction was isolated by ccnoifugation 
at 15.000 X g for 45 min and the pellet resuspended in PBS. 
Protein concentration of me membrane pellet was determined 
using the Rerce BCA kit. 

Heat denaturation experiments 

An aliquot of immunoatrinity purified PSMA from LNCaP 
cells (40 /ig/mL in PBS) was heat denatured by boiling for 10 
min and cooled 00 ice. This, and an identical aliquot which was 
not heat denatured, were diluted 1 :4 in PBS and 50 /xL was 
added to wells of a 96-weJl Maxi-Sorp plate (Nunc) and coated 
overnight at 4°C. Alternatively, an aliquot from an LNCaP cell 
membrane preparation (HO Mg/mL in PBS) wax heat denatured 
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;iihI cooled. This, and an identical aliquot without heal denatu- 
rution, was diluted 1:4 in PBS and 50 u.L was added to x 96- 
wcll plate. Membranes were dried onto the plate by placing the 
plate an a 37°C warming plate overnight. After coating, all 
plates were blocked with 5% BSA in PBS for I h. washed in 
PBS. and subjected to a standard sandwich ELISA using die 
iiulicatcd primary antibodies as described above. 

Western blot analysis 

Western blot :tnalysis was performed following sodium do- 
<tecyl sulfaic~poly:«rylamide gel electrophoresis (SDS-PAGG) 
of PSMA containing fractions and transfer to PVDF mein- 
hnines. The blots were blocked overnight in TBS containing 
5M> nonfat milk and incubated with purified antibody present 
ai a concentration of 3 Mg/mL in Tris-burTcred saline (TBS: 10 
iiiM Trix-HCI, pH 7 5, 150 mM NaCl) for I h. The blots were 
washed five times with TBS containing 0.5% Tween-20 (TBS- 
T) and incubated with 1:5.000 HRP-conjugaced gout-anti- 
mouse IgO for I h. After five washes with TBS-T. the blots 
were developed using the LuiniCLO chemi luminescent sub- 
strate kit (KPL. Gailhersburg. MO) and visualized by exposing 
x-nty film. 

Immunoprccipitation studies 

A detergent lysate of LNCaP cells was prepared by adding 
PBS containing \% NP-40 to LNCaP cells, incubating for I 
h. and centrifugotion to remove particulate material. The 
I y sate was prec (cured by adding 150 ^g irrelevant human Igd 
per mL of lysate, incubating for I h at room temperature, fol- 
lowed by the addition of 150 pL of packed Protein O- 
Sephurose beads per ml of lysote. The supernatant fraction 
was used after centrifugatioa to remove the beads. Altquots, 
100 fi*L each, of the pre -cleared lysate were mixed with 5 /xg 
of antibody protein and incubated overnight at 4*C. At the end 
of this period. 20 /iL of packed Protein G-Sepftarose beads 
were added to each tube and the rubes were incubated for I 
h at 4"C. Following extensive washing with lysis buffer, 50 
/xL of Luemmli sample buffer (Bio-Rod) was added to each 
sample and the aibes were heated for 10 min at 95°C. The 
tubes were centrifuged tor 2 min and 25 u,L of each sample 
was loaded onto an SDS-PAGE gel and electrophoresed at 
I 75 volts for 60 min. The electrophoresed samples were elec- 
t rob lot ted onto PVDF membranes for Western blot analysis 
using the murine umi-PSMA antibody 4D8 (5 M2/mL) and de- 
veloped as described above. 

flaw cytometry 

LNCaP and PC-3 cells witre freshly harvested from tksue 
;ulturc flasks and a single cell suspension prepared. Approxi- 
iKilcty I million cells were resuspended in PBS containing 
).5% BSA and 50-200 /xg/mL of primary antibody and incu- 
•ii ted on ice for JO min. The ceils were washed twice with PBS 
untaining 0.1% BSA, 0.01% NaN 3 , rc-uspended in 100/xLof 
: 1 tX) diluted FlTC-conju gated rabbit -anti -mc use FgG (Jackson 
iimunoRcseorch. West Grove. PA), and incubated on ice fcr 
i additional 20 min. The cells were again washed twice, re- 
ts pended in 0.5 mL of wash buffer, and analyzed for fluores- 



cent staining on a FACSCaiibur cytometer (Bee ton-Dickinson, 
Son Jose, CA) with CellQuest acquisition software. 

FfTC labeling of monoclonal antibodies 

Purified monoclonal antibodies were first extensively dia- 
lyzed against 0.3M sodium carbonate buffer. pH 9 J. A stock 
nuorescein isothiocyanate (FITC) solution was prepared by dis- 
solving I mg solid FITC in I mL of DMSO. Stock FTTC wax 
added drapwise with constant mixing in on amount to provide 
50 Mg HTC per mg of antibody protein. Once added, the so- 
lution was incubated in the dark at room temperature for 1-3. 
HTC-lahelcd antibody was isolated by gel filtration oo a 
Sephudex O-I0 column equilibrated in PBS. 

Antibody inhibition studies 

Approximately I million LNCaP cells were initially treated 
with 200 ug/mL purified IG9. 3C6, 4D4. or irrelevant mouse 
[gG| antibody in PBS for 1 h on tee. After washing, the cells 
were incubated with 50 /xg/rnL FTTC-conjugated IG9, 3C6. or 
4D4 monoclonal antibodies for I fa on ice. After washing, the 
cells were stained with 10 /xg/inL propidtum iodide and ana- 
lyzed by now cytometry on a FACsCaiibur with CellQuest 
software. 

RESULTS 

Isolation of kybridoma cell clones expressing 
anti-PSMA antibodies 

Spleens from PSMA immunized animals were fused, and 
subsequent screening identified multiple independent parental 
wells with PSMA reactive antibody rftres. A total of 39 distinct 
murine hybrtdomox were obtained after several fusions, and the 
binding properties of the monoclonal antibodies produced were 
characterized as previously described.* 191 The monoclonni an- 
tibodies produced by these hybridomas could be grouped based 
upon metr binding characteristics to PSMA and to PSMA frag- 
ments expressed as bacterial fusion proteins. Figure I shows a 
summary of results from mapping the binding of each antibody 
to regions of the PSMA molecule. These results indicate that a 
group composed of three antibodies — I G9, 3C6, and 4D4 — d is- 
played dis tinct antigen blading characteristics. A detailed analy- 
sis of their properties is described below. 

Solid phase EUSA studies 

Binding characteristics of antz-PSMA specific antibodies 
were studied by solid phase ELISA using Adl-length PSMA and 
compared to reactivity against bacterially expressed fusion pro- 
teins containing portions of die PSMA protein. 

Figure 2 shows solid phase binding results for antibodies 
IG9. 3C6. 4D4, and 4D8 compared to antibody 7EI I.C5 as a 
positive control. Strong binding to full length PSMA was ob- 
served with ail antibodies, although this was weaker with IG9. 
3C6, and 4D4 compared to the other antibodies tested Addi- 
tional smdies indicated significant prep-to-prep variation in 
binding properties using purified LNCaP cell derived PSMA 
with mese three antibodies (results not shown). Other studies 
utilizing authentic, purified recombinant PSMA expressed in a 
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750 was observed with 7E! I.C5 and 4138. No binding In any l*SMA 
U fragment was observed with any other antibody shown. 
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HCt. I. Diaeramaiie representation of PSMA and PSMA 
!rjj: mrtH> csprcv*d as bacterial fusion proteins. Full-length 
PSMA defined at amino acids 1-750. PSM' is missing the 
r;rM *7 ammo acids, which also conisim che transmembrane 
Jom-un i TM. residues 20-43) of the protein. PSMA fragments 
unh/cd on? composed of amino acids 1-173. amino acids 
: M U7. and jniino acids 438-750. Hie antibodies ore listed 
hekru ihe region of the protein corresponding to the approxi- 
mate location of their binding epitope. The lower portion of the 
rr /ure \i<*> the three antibodies described in this report. Mono- 
jlirtaJ antibodies of ihc fgM tsotype are underlined. 



iruminalian expression system demonstrated strong ELISA re- 
a.u% it> with antibodies 1G9. JC6. and 4D4 confirming PSMA 
specixicit> of these antibodies (results not shown). Strong bind- 
ne u> the fusion protein containing the 1-173 PSMA fragment 



Antibody reactivity in a sathlwhh F.USA for PSMA 

A sandwich ELISA utilizing ihr murine IgM ami-l'SMA 
■IE 10- 1.14 antibody 1 im for capture followed In/ detect km with 
each IgO is shown in Figure X The highest signal was observed 
with the 7EI I.C5 positive control: however, a linear response 
with the same stone lo decreasing antigen eonceuirniiim was 
observed for IG9. 3C6. and 4IW. 

Isotype analysis 

The isotype of antibodies ICS 1 ). M'tu ;uid 4\U wits deter- 
mined on be fgG|. The isrtypc t>f antibody 408 was determined 
to be fgGa* 

Western Mat analyses 

Western blot analyses were conducted with antibodies l< l l >. 
3C6. and 404 utilizing PSMA faun a variety of source*, thai 
is, LNCaP cells, recomhinanl tetculoviru* expressed PSMA. ami 
seminal fluid. No renctivhy was observed on hlois with PSMA 
from nny source using these am iN* lies (results not shown). 

Reactivity with native ami denatured PSMA 

The inability of this pimp of antibodies lo cleieci l*SMA hy 
Western blot, or in react with PSMA protein fmgntcnis hy 
ELISA. suggested prntcin confomialiun may !v imrmrtnitt for 
antibody binding. This would also he consistent with pre n- to* 
prep variation in binding lo |mrifictl I.NC'aP cell PSMA. Ra- 
pcrimenu were conducteil lo lest the effect of heat deiiaturu- 
tion of both |ntrifled PSMA and IJ^CnP cell iitenihmnes on 
antibody binding properties. Figure 4 show* the eflccl of heal 
denature! ton of isolated l*SMA on antibody Irindiiig. No effect 
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«CL J. Sandwich ELISA of immunoalflnity purified PSMA 
Well* were coated with 4E 10- 1.14 ;wli-PSMA IgM antibody 
and used to capture purified PSMA present uf the indicated con- 
centration. The amount of PSMA bound to the wells was quan- 
litaied alter incubation of the wclli with excess amounts of the 
indicated fgG ( antibody. 

was observed on binding with antibodies 7EII.C5 or IG3. An- 
tibody IG3 has previously been shown to read with a linear 
epitope in the C-tcrminal portion of the protein.*'*" In contrast, 
significantly reduced antibody binding was observed with de- 
naiured PSMA for antibodies IG9. .1C6. and, to a lesser extent 
•IIM. 

Results with native and heat denatured LNCaP cell mem- 
bnines are sliown in Figure 5. Significant binding of IG9, 3C6. 
and 4D4 to native LNCaP cell membranes was observed. This 
reactivity was greatly reduced after heat denatumtion of the 
membrane*, particularly Tor antibodies IG9 and 3C6. wherein 
detectable binding was only observed at very high antibody con- 



centrations. Once again, 4D4 was somewhat less sensitive than 
the others to the effect of heat denaturaf ton of the antigen. In 
contrast, no significant difference was observed with binding 
of 7EI I.C5 to erther native or denatured LNCaP cell mem- 
branes. Interestingly, although 7EII.C5 consistently showed 
superior binding to isolated antigen compared to antibodies 
IG9. 3C6. and 4D4, the opposite result was obtained when 
membrane fractions were used (compare Figures 4 and 5). This 
suggests that the epitope recognized by these antibodies is read- 
ily accessible, perhaps distributed on the extracellular portion 
of the protein* 

lmmunoprecipitation of native PSMA 

Figure 6 shows results of immunoprecipitntion of a deter- 
gent soiubiiized (ysole from LNCaP cells with antibodies IG9, 
3C6. and 4D4. (a this experiment, the lysnte was treated with 
the indicated antibody, the immune complexes were isolated by 
binding to Protein O- Agarose, and the bound proteins separated 
by SDS PAGE for Western blots using antibody 4DJL A West- 
ern blot of LNCaP cell lysute (lane I ) indicates that 4D8 reacts 
with both PSMA and PSM' (a 100-kDa soluble variant of 
PSMA that is missing the first 57 amino acids due to usage of 
on alternate start sM m ). This indicates that 4D8 recognizes an 
extracellular epitope within amino acids 58 to 173 of the PSMA 
protein. Lunes 3-5 show the presence of a strongly stained dou- 
blet band corresponding to PSMA and PSM'. No iminunopre- 
cipitation of either of these bands was observed with an iscuype 
matched irrelevant mouse antibody (lane 2). Only heavy- and 
light-chain antibody protein bonds bound by the Protein G- 
Agurose beads were observed. 1mm una precipitation of the band 
corresponding to PSM' restricts the epitope specificity of each 
of these antibodies to the extracellular domain of the protein. 
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FIG. 5. Effect of heal denuturation of LNGiP cell membranes on antibody binding. The experiments wens conducted using the 
indicated concentrations of antibodies: panel A, 7EI I.C5; panel B. 1G9: panel C. 3C6; panel D. 4D4. Results with native mem- 
branes are shown by the solid squares; results with heat-denatured membranes are shown by the solid circles. 



Flow cytometric analysis of antibody binding to 
LNCaP and PC-3 cells 

Figure 7 demonstrates results from a flow cytometric analy- 
sis using IG9. JC6. and 4D4 with unfixed LNCaP and PC-3 
cells. Strong staining of PS MA expressing LNCaP cells was 
observed with each antibody (solid histograms). Negative stain- 
ing was observed with an irrelevant isotype matched murine 
antibody (open histograms). No staining was observed when 
PSMA negative PC-3 cells were used with these antibodies (re- 
sults not shown). 

Antibody epitope analysis 

Taken together, the results indicate that IG9, 3C6. and 4D4 
are specific for protein conformational epitopes present within 
the extracellular domain of PSMA. Experiments were con- 
ducted to determine if each antibody reacted with the same or 
different epitopes. Figure 8 shows results of inhibition of anti- 
body binding in a flow cytometric analysis. In these experi- 
ments, antibodies I G9, 3C6. and 4D4 were individually directly 
FITC-labeled. The effect on staining intensity with these la- 
beled antibodies after prior treatment with unlabeled antibody 
was determined in a flow cytometric analysis. 

Panel A shews results of inhibition of rTTC-lnbcled I G9. 
Substantial labeling of LNCaP cells occurred after pre treatment 
with an isotype matched irrelevant murine antibody (solid his- 
togram) representing maximal antibody binding. Prctreatmcnt 
•vith 2C0 /i-g/mL of unlabeled IG9 significandy reduced the ex- 
tent of FITC-IG9 labeling (brown histogram) representing max- 
imal inhibition in this assay. Pre treatment with 2C0 /xg/mL of 
3C6 or 4D4 provided differing results. Essentially no change in 



FTTC- IG9 labeling occurred after 3C6 pre treatment (blue his- 
togram), whereas substantial but incomplete inhibition of FTTC- 
1G9 occurred after pretreatment with 4D4 (green histogram). 

Panels B and C show results from similar experiments 
with FTTC- labeled 3C6 and FTTC labeled 4D4. Each antibody 
was effective in inhibiting itself, representing maximal inhibi- 
tion. Weak inhibition of FITC-3C6 labeling was observed with 
4D4, and 1G9 was found not to be inhibitory to 3C6 (panel B). 
Antibody IG9 inhibited FITC4D4 similarly as did unlabeled 
4D4, and 3C6 had no effect of FITC-4D4 labeling of LNCaP 
cells (panel O. Taken together, these results indicate that 3C6 
recognizes a distinct epitope from either IG9 or 4D4. Anti- 
bodies 1G9 and 4D4 most probably react with epitopes in close 
proximity to each other, perhaps with some overlap. 

DISCUSSION 

PSMA is a useful marker for prostatic epithelial cells, par- 
ticularly in cancer. PSMA was initially defined by the mono- 
clonal antibody 7EI I .C5. ,3> Studies with this antibody have led 
to the cloning of the gene for the protein* " and demonstrated 
high prostate npecificiry in terms of tissue expression/ 24 -* 5 ' The 
potential utility of PSMA in clinical applications has led to the 
production of additional monoclonal antibodies with different 
binding properties than 7EI 1.C5. 

Previous reports from three different labs described the iso- 
lation of murine monoclonal antibodies specific for extracellu- 
lar portions of the PSMA protein/ 1 u *- 2£n tn general, tfwse 
antibodies have similar properties in binding to linear iimmo 
acid sequence epitopes within the extracellular domain of both 
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•ri rmjnunopreapiiadon of PSMA from LNCaP cells. 

Hie experiments were conducted using antibody 4D8 to detect 
iminunoprecipitated PSMA in a Western blot. Lane I. LNCaP 
cell lysine as Western blot standard; lane 2, immunoprecipita- 
non with irrelevant mouse rgG, negative control; lane 3. im- 
inunnpredpitarion with IG9; lane 4. inmiuitoprccipitntion with 

IC6; lane 5. immunoprecipitation with 4D4. The identity of 
PSMA and PSM' on the blot is indicated. 



native and denatured protein. A recent iaimuiiohis toes ern teal 
analysis using a small group of these antibodies has .Down an 
interesting pattern of staining of vascular endothelial cells from 
a v nriety of types of malignancies, but not in nonnai tissue vnj- 
ciiliiture.<""> These result* suggest that PSMA-specific anti- 
bodies may also have utility in a monoclonal antibody based 
anti-neovasculature therapy. 

TJw results presented in this paper demonstrate properties of 
« distinct class of and- PSMA antibodies, antibodies that do not 
recognize linear amino acid sequence epitopes but instead bind 
to protein conformational epitopes. That is, this panel of anti- 
bodies appears to recognize native protein epitopes resulting 



rrom crjnformajional folding of the PSMA molecule. Presum- 
ably, these epitopes arise when amino aads from differing por- 
tions of the linear sequence come together in close proximity 
in three-dimensional space. Data indicates thai the epitopes rec- 
ognized by these antibodies are distributed on the extracellular 
side of the plasma membrane. 

In contrast to monoclonal antibodies specific for linear se- 
quence epitopes present in the PSMA protein/ 1 this 
panel of antibodies docs not Western blot PSMA or PSM'. nor 
are they reactive with bacteria] ty expressed fusion proteins con- 
taining portions of the PSMA protein. Further, antigen binding 
properties of these antibodies ore greatly diminished by heat 
denaturadon of the antigen. This observation is also In contrast 
to linear epitope specific antibodies. Studies presented here 
demonstrate that antibodies IG9. 3C6. and 4D4 all immuno- 
precipitate both mil length PSMA and PSM', indicating bind- 
ing spedfldry within the extracellular domuin of the protein. 

We have prepared 36 other anfj-PSMA monoclonaji specific 
for linear sequence epitopes of die protein and assessed them for 
their ability to bind to live LNCaP cells by How cytometry. Al- 
though these antibodies eiftdendy bind PSMA in EL ISA or 
Western blot experiments, they provide a relatively small to mod- 
erate shift in fluorescence intensity in s flow cytometric experi- 
ment with live LNCaP ceils.* 1 * In each case, IG9, 3C6, and 4D4 
all strongly stain live LNCaP cdls suggesting they are particu- 
larly well suited to recognizing live prostatic cancer ceils in vivo. 

PSMA has been utilized as a molecular target for prostate 
cancer detection via in vivo scintigraphic imaging using 111 In- 
labeled 7BM.C5 antibody (ProstaScint, Cytogeo. tnew Prince- 
ton. NJ). (2 * 27 J This antibody, recognizing an intracellular epi- 
tope/ 17 * is presumed to label apoptotic ceils present in larger 
tumor masses. This limitation gives rise to a rather low sensi- 
tivity of the imaging agent In vivo. Clearly, a more effective 
means for localizing prostatic cancer lesions would involve an- 
tibodies specific for extracellular epitopes, in particular, anti- 
bodies that strongly bind protein epitopes accessible on live 
prostate cancer cdls. ft is expected that greater accessibility of 
an extracellular epitope would improve the efficiency of uptake 
of labeled diagnostic reagents for imaging metastatic lesions. 
This would also nave application in potential antibody directed 
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FIG. 7. Flow cytometric analysis of antibody binding to unfixed, live LNCaP (-.did histograms) wlls. Staining ,r I Mr o i. 
wuh an irrelevant isotype matched omibody is indicated by the open histograms. u, « rams > «'■«■ Slatnmg ol LMCiP c-lis 
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t » Ifrall!^ ° f ^ db0dy bind '"* rffect of P*"**""" ™«h «lhcr an irrelevant mouse IgG, antibody (.olid red his- 



therapies u^hercm efficient Lpcuke of antibody by live cells 
♦vould also be .1 key eiemenl for tumor cell targeting through 
•Jrug. toxin, rsdiciso topic irrununcconjuga'es. or bifunctional 
mttibody approaches. Wort is underway to define antibody 
binding characteristics applicable to ciinicni use. 
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